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CHARGED DEVICE MODEL CONTACT
PLATL

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/825,270, filed Sep. 11, 2006.

TECHNICAL FIELD

The present invention relates to an apparatus for Charged
Device Model testing. More specifically, the present mven-
tion relates to a Very Fast Transmission Line Pulse (VFTLP)
system for measuring current and voltage characteristics of an
Integrated Circuit (IC) by establishing electrical connections
between a VFTLP source and selected pins of the IC device

under test (DUT).

BACKGROUND ART

Making Charged Device Model (CDM) type measure-
ments on an integrated circuit (1C) with Very Fast TLP system
test pulses requires a method to secure the IC 1n a location
while making a low parasitic inductance electrical connection
to one of 1ts pins. The present specification describes a physi-
cal method to connect an electrical system to one pin of an IC
and secure it while measuring its electrical parameters 1n
sub-nanosecond times.

Commercial CDM testers hold an IC “dead bug” style on a
metal plate and place a ground plane parallel to the ground
plane above it with a coaxial cable and a compressible contact
pin (known as a “pogo pin” in the electronics industry) con-
nected to the mner conductor of the coaxial cable. A fast
response one-ohm resistor 1s placed at the junction between
the pogo pin and the 1nner conductor of the coaxial cable to
act as a current sensor and monitor pulse discharge currents.
The ground plane and pogo pin are moved down to make
contact with a charged IC to discharge one pin of the IC and
measure 1ts discharge current. This test 1s continued to ana-
lyze each pin on the IC to determine the lowest voltage where
failure occurs.

Very Fast Transmission Line Pulse (VFTLP) systems use a
charged transmission line that 1s discharged to generate a
rectangular pulse with a very fast rise time. The test pulse rise
time 1 VFTLP can be as fast as 50 picoseconds, and can be
slower than 1000 picoseconds.

VFTLP test systems simulate the rise time and width of
CDM events to identily electrical characteristics of protection
circuits. The present invention provides a ground plane upon
which an IC 1s placed near a conductor that applies very fast
rising pulses to a pin of the integrated circuit and measures its
current and voltage response to the pulse applied from the
outside of the IC. This test can identily two fundamentally
different parameters based upon current and voltage measure-
ments of the IC.

To obtain such information, the VFTLP system measures
the resulting voltage and current response to these pulses by
two methods. The original measurement averages the mea-
sured I-V data over a time window part way through the test
pulse, after the semiconductor conductivity has reached its
steady state condition and settled down for a nanosecond or
more. The IC 1s held down to the ground plane and the current
pulse from a controlled source impedance 1s conducted 1nto
the pin being tested to form an exponentially decaying current
discharge. The exponential discharge rate 1s determined by
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the capacitance of the IC internal connections through the
package insulation to the metal ground plane upon which 1t
s1ts.

The second measured parameter of the IC using the VETLP
1s the rate the semiconductor conductivity increases immedi-
ately after the test pulse 1s applied to the IC. Such measure-
ment 1dentifies how rapidly the semiconductor reaches its
steady state conduction condition.

While the conduction 1s increasing 1t produces a significant
voltage overshoot, which 1s the primary threat to the thin gate
oxides used nmodern IC’s. The voltage impulse threat can be
approximately measured 1n the early part of the pulse before
the voltage charge increases as the current decreases. The
time can be from a fraction of a nanosecond to a few nano-
seconds, and 1s increasingly becoming important information
in CDM design technology.

VFEFTLP systems typically use the commonly available 50
ohm characteristic impedance coaxial cables, connectors and
the accessories used to generate, transfer, and measure the
current and voltage (I-V) wavelorms. The time varying cur-
rent and voltage of the semiconductor circuit/s on a silicon
chip 1nside an IC package 1s identified by applying different
amplitude, fast-rising pulses to the DUT (“device under test™)
and measuring the current and voltage reflected from it. For
very last time domain measurements, the coaxial cable con-
nection to the DUT must have very low parasitic inductance.

SUMMARY OF THE INVENTION

Locating the connection of the 50 ohm 1mpedance trans-
mission line physically close to the DUT lead, pin, or contact
minimizes parasitic inductance errors—which 1ncreases
measurement errors. Such an arrangement insures that the
measured very fast data i1s that of the Device Under Test
(DUT), with minimal effect from parasitic inductance in the
connection to the DUT contact being tested.

In addition by connecting a ground or reference pin of the
DUT to ground during a leakage test the failure level where
leakage increases after application of a test pulse can be
determined. By using a low capacitance medium value min-
1ature resistor and a low capacitance relay to ground the
reference pin during the leakage test the minimal added
capacitance of the resistor and open relay will not affect the
discharge current wavetform.

Some fTurther objects and advantages of the present inven-
tion shall become apparent from the ensuing description and
as 1llustrated 1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view, with portions in phantom,
showing attachment of the transmission line to a ground plane
in accordance with the present invention.

FIG. 2 1s a typical Dual Inline Package (“DIP”).

FIG. 3 1s a cross section drawing of the test coax projecting
through the ground plane with 1ts outer conductor 1n intimate
clectrical contact with the ground plane and its inner conduc-
tor 1n intimate electrical contact with the pin or lead of the IC
being tested.

FIG. 4 1s a perspective view showing a charged device
model contact plate in accordance with the present mnvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference 1s now made to the drawings wherein like
numerals refer to like parts throughout. In FIG. 1, a metal
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ground plane 1 represents a physical and electrical reference.
To maintain mimimal parasitic inductance between an end 5 of
a 50-ohm characteristic impedance coax 10, the end 5 1is
passed through an aperture 7 formed 1n the ground plane 1,
and electrically connected to the metal ground plane 1 using
solder or other commonly used methods of making electrical
and physical connections between metals. The coax 10 con-
sists of an outer conductor 11 and an 1nner conductor 12, the
latter of which 1s shown projecting above the ground plane 1

in FIG. 1.

As 1s shown 1n FIG. 2, a plurality of conductive leads 13
extend from a DUT 15. To provide access to the plurality of
leads 13, the DUT 135 1s held down to the metal ground plane
1 in “dead bug style” (FIG. 3). The capacitance between the
semiconductor chip and lead frame conductors inside the
DUT 15 and the plurality of leads/pins 13, acts as one elec-

trode of a capacitor while the ground plane 1, 1s the other
clectrode.

The 1mner conductor 12 of the end of the 50-ohm coaxial
cable 5 can be a SM A connector mounted to the bottom of the
ground plane 1 or the outer conductor 11 is preferably a
copper jacket, which can be soldered directly to the walls of
the aperture 7 1n the ground plane 1, through which 1t passes.
Other RF panel-mount type connectors of small diameter
inner conductors can also be used without departing from the
present invention.

The 1nner conductor 12, of the 50-ohm coaxial transmis-
sion line 10, 1s a single short conductor pressed against the 1C
lead to be tested, or soldered to 1t and provides a very low
inductance connection to the pin 13 being tested on the IC 15.
This connection between the inner conductor 12 and DUT pin
13 1s spaced as close to the DUT 135 as 1s physically pos-
sible—causing contact between the mner conductor 12 and
the pin 13 on the DUT 15 to be made at the closest possible
spacing to where the pin 13 exits the DUT package 15.

Such close spacing provides for minimum parasitic induc-
tance between the inner conductor 12 and the pin 13 being
tested. This mounting and the connections closely simulate
the real CDM discharge threat. Any excess length of the inner
conductor 12 extending past the DUT pin 13 will likely cause
only a slight amount of parasitic capacitance. However,
should the testing show too much parasitic capacitance
caused by excessive length of the mner conductor 12 or the
DUT pin 13, the excess length can be cut shorter. A second
end 16, of the coaxial cable 10 1s connected to the VEFTLP
system that supplies the measurement pulses to the DUT pin
13 being tested.

The IC package/DUT 13 1s held tightly to the ground plane
1 by an msulating rod 20 and a rod spring 22. The 1nsulating
rod 20 1s preferably fabricated out of plastic, and 1s attached
to a supportrod 25 having a smaller diameter. The support rod
1s 1n turn attached to a grip 28, that enables a user (not shown
in the drawings) to easily lift the insulating rod 20 when
necessary to reposition the DUT pin 13 that 1s to be tested
against the coaxial cable inner conductor 12 prior to applica-
tion of the pulse current. The insulating rod 20, the rod spring,
22, the support rod 25 and the grip 28 are held 1n place using
a support bracket 30 that 1s mounted to the ground plane with
adjustable screws for convenient positioning to held different
s1zes of the IC’s/DUT’s 15 1n proper location for connection
of whichever pin 13 1s connected to the test coax iner con-
ductor 12.

When very fast-rising test pulses are externally applied to
a single pin of an IC, the current flow through the pin mnto the
internal connections will have very similar wavetorm to the
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CDM discharge current that 1s generated internally. The
CDM discharge current leaves that same pin when a CDM test
1s made with a charged IC.

Since the sensors 1n a VETLP system can measure the very
fast pulse characteristics created by the DUT lying on the
ground plane, 1t will closely simulate the CDM current wave-
form. The time for the rectangular pulse current to decay to
the 1/e¢ (36.8%) amplitude will depend on the IC capacitance
to the ground plane and the test pulse source impedance.

This test method does not produce the same resonance 1n
the exponential decay current wavelform found in the typical
CDM tester because 1n this test the DUT 1s directly lying on
the ground plane, while the CDM tester uses an isolated
ground plane placed above the DUT and adds a resonance to
the discharge current wavetform. The information from this
test should use a rectangular pulse that 1s about twice the
discharge length of time so the peak amplitude will be
approximately equal to the energy in the CDM discharge
event.

By connecting a low capacitance resistor 31 to a difierent
pin 34 than that being tested, such as a ground or Vdd or Vss
pin and providing a ground return path 40 during the typical
VFTLP leakage test with a low capacitance single pole single
throw relay 38, the test pulse amplitude which causes failure
inside the package can be determined with the package insitu.
Other CDM test methods require the DUT to have all pins
pulse discharge tested at the same amplitude after which the
package 1s then removed from the CDM tester and leakage
measurements are made on all pins to determine 11 that test
amplitude caused any pin to fail from increased leakage cur-
rent.

Ball Grid Array (BGA) packages will need a special con-
nection that will be similar to the CDM tester with a ground
plane through which the coaxial cable from the VETLP pulse
1s delivered to the ball being tested. This method will require
a test fixture similar to the CDM tester. The coaxial cable will
extend past the ground plane 1n the same way, but a BGA chip
will have to lie on a second ground plane with its balls facing
up. The coaxial cable inner conductor extending past the first
ground plane will make contact with the ball to be tested, and
the capacitive coupling between the first ground plane and the
second ground plane will provide the capacitive ground plane
return displacement current.

Since the second ground plane will hide the balls on the
BGA package, a separate BGA package of the same spacing
and alignment can be located at a precise spacing from the IC
being tested with a single locating pin having the same precise
spacing irom the coaxial cable inner conductor to provide a
more convenient positioning of the pin to contact the solder
ball of the BGA.

Our 1nvention has been disclosed 1n terms of a preferred
embodiment thereot, which provides a charged device model
contact plate that 1s of great novelty and utility. Various
changes, modifications, and alterations 1n the teachings of the
present invention may be contemplated by those skilled 1in the
art without departing from the intended spirit and scope
thereof. It 1s mtended that the present invention encompass
such changes and modifications.

We claim:

1. A Charged Device Model tester comprising:

a metal ground plane, said ground plane having an aperture
formed therein;

a coaxial cable received within said aperture and attached

to said ground plane, said coaxial cable having an inner
conductor and an outer conductor, said outer conductor
in electrical communication with said metal ground
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plane and said inner conductor extending from said
coaxial cable to define a terminal contact segment of said
inner conductor;

a DUT positioner selectively mounted to said ground plane
enabling placement of a DUT upon said metal ground
plane and 1n electrical communication therewith at a
location substantially proximate said terminal contact
segment of said inner conductor, wherein a first end of
said coaxial cable 1s concentrically positioned within
and attached to said metal ground plane along a substan-
tial length of a perimeter adjacent said aperture, and
wherein said terminal contact segment of said inner
conductor extends 1n a perpendicular manner from said
metal ground plane; and

a low capacitance single pole single throw relay attached to
said metal ground plane and 1n electrical communication
therewith, said low capacitance single pole single throw
relay having an electrical lead attached thereto, said
clectrical lead including a low capacitance resistor,
whereby electrical connection of said electrical lead to
said DU enables an nsitu VFTLP leakage analysis.

2. A Charged Device Model tester comprising:

a metal ground plane, said ground plane having an aperture
formed therein;

a coaxial cable recerved within said aperture and attached
to said ground plane, said coaxial cable having an inner
conductor and an outer conductor, said outer conductor
in electrical commumication with said metal ground
plane and said inner conductor extending from said
coaxial cable to define a terminal contact segment of said
inner conductor;

a DUT positioner selectively mounted to said ground plane
cnabling placement of a DUT upon said metal ground
plane and 1n electrical communication therewith at a
location substantially proximate said terminal contact
segment of said inner conductor; and

a low capacitance single pole single throw relay attached to
said metal ground plane and 1n electrical communication
therewith, said low capacitance single pole single throw
relay having an electrical lead attached thereto, said
clectrical lead including a low capacitance resistor,
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whereby electrical connection of said electrical lead to a
DUT enables an 1nsitu VFTLP leakage analysis.
3. A tester for Very Fast Transmission Line Pulse loading of

integrated circuits, comprising:

a metal ground plan for receiving a device under test com-
prising one or several integrated circuits to be tested,
said metal ground plane having an aperture formed
therein;

a pulse injector that comprises a reference electrode, a
contact electrode, and a support for said contact and
reference electrodes, wherein said reference electrode
comprises an outer conductor of a coaxial cable, said
outer conductor 1s attached to and 1n electrical commu-
nication with said metal ground plane, wherein said
contact electrode comprises an inner conductor of said
coaxial cable, wherein a first end of said coaxial cable 1s
received within said aperture, wherein said support for
said contact and reference electrodes comprises said
metal ground plane, wherein said outer conductor 1s
attached to said metal ground plane adjacent an 1nner
peripheral edge of said aperture, and wherein said inner
conductor of said coaxial cable extends beyond said first
end of said coaxial cable and projects 1n a perpendicular
manner from said metal ground plane; and

a low capacitance single pole single throw relay received
by and 1n electrical communication with said metal
ground plane, said low capacitance single pole single
throw relay having an electrical lead attached theretow-
ith, and selectively engageable with said device under
test to enable an insitu VEFTLP leakage analysis.

4. A tester according to claim 3, wherein said projecting

end of said inner conductor of said coaxial cable comprises
said contacting terminal of said pulse 1njector.

5. A tester according to claim 4, and further comprising a

orip attached to said metal ground plane and selectively
engageable with said device under test, restricting the move-
ment thereof when said device under test is received upon said
metal ground plane.

6. A tester according to claim 3, wherein said electrical lead

includes an in-line low capacitance resistor.
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